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The  Cultivation  of  Nursery   Stock 
for  Pulpwood  Planting 


The   continuously  increasing  cost  of 

suitable  pulpwoo d  cordage  at  the  point  of  manufacture  has 
given  rise  to  considerable   discussion  as  to    the  advisability 
of  reforesting  with  suitable   species  devasted  areas  in  close 
proximity  to  the  mills.      Such  planting  would  not  be  an  effort 
to  relieve  the  dependence  of  the  manufacturers  on  the  future 
yield  of   cut-over   lands,    but  would  assure  a  basin  material 
of   sufficiently  high  grade  to  allow  of  adulteration  by   the 
addition  of  what  are   as  yet  considered  inferior   species. 

The  investment  involved  in   such  a  forestry 
practice  would  not  deduct  from  the  amount   that- should  be 
re-invested   in  the   limits  in   scientific  management,    but 
would   serve   to   assure  the  future   and   the    continuity  of 
"Canada's   largest   single    industry".      Take   for  example   an 
imaginary  paper  concern  with  a   total  wood   conswnption  of 
seventy-five   thousand   cords  each  year."    Allowing   the  mill 
sufficient    land  for   a  continuous  cropping  on  a   sustained 
yield  basis,    if  the  executives  were   determined  on  a  planting 
programme  of  five  hundred  aeres  annually   devoted  to    the  pro- 


- 

duction  of  spruce,    either  pure  or  in  a  suitable  mixture, 
the  yield  at  the   end  of  fifty  years  would  be  in  excess  of 
twenty  thousand  cords  exclusive  of   thinnings.      This  invest- 
ment would   serve  as  timber  insurance  against  accidents  such 
as  fire,    insect  depredation,    and  other  destructive  agents, 
in  fact  as  a  safe  guard  for  the  economic  future  of  the 
company.      If  the   lands  devoted   to  natural    regeneration  main- 
tained their  yield,    which  of   course  is  highly  probable,    any 
surplus  cordage  v*>uld  be  readily  disposed  of  tit  that  time. 
TO   facilitate  administration  and  management,    concentration 
of  forest  growth  is  only  a  question  of  time,    if   the  histories 
of  European  countries  is  to  be  taken  as  exemplary. 

Even  when  regeneration  is  natural,   nursery 
stock  used   to   fill  in   the  blanks  in   the   reproduction  would 
shorten   the  rotation,    and   increase   the  yield  by  making  all 
the   forest  property  productive.      That   is,    whether   ttie  young 
plants  are   being  grown  to    establish  artificial   stands  or 
simply  to   fill   in  f ad  1  places   in  the  natural   reproduction   is 
immaterial;    the  greatest   single  factor   in   the   success  or 
failure  of  a  plantation  is  the  production  of    the  most   suitable 
plant  possible  for  the   purpose. 

The  choice  of  species  is  restricted  to  some 
tree  of  general  adaptability  to  planting  sites,  and  at  the 
same  time  yielding  a  product  of  the  highest  order.  Thus,  in 
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the  Bast,    the    selection  would  oeera   to    fall  on   -/hite   ^pruce, 
Picea  canadensis.     ^he  wood  is  considered  very  highly  by  the 
manufacturers;   while  due  to    its  extreme   tolerance,    planting 
under  hardTOOds  coppice   such  as  will  be  encountered  in  prac- 
tically  any  reforectation  project   is  possible.      It  has,    how- 
ever,   the   weakness   common  to    the   three  native   spruces  of  being 
rather  difficult  to    cultivate  artificially.      Only  with   con- 
siderable  care  and  Judgment   can    it  be  grown   to   furnish   stock 
suitable   for  planting  at  a  reasonable  cost  per  thousand.      In 
lantations  established  practice  requires  a  mixed  stand   as  a 
protective  measure  against   inroads  from  biological   causes, 
and  also    the  largest  yields  are  from  mixtures.     Such  other 
species  as  are  considered  suitable  may  be  selected  to   form 
the  minority   in  the   spruce  miature,    but   in  this  particular 
treatise  consideration  will  be  given  mainly  to    the  nursery 
cultivation  of  white  ^ruce. 

Seed  Collection  and  Care. 

To  what  extent   eccentricities  in   th e  character 
of  individual  forest  trees  are  inherited  or  acquired  has  not 
so  far  been  determined   satisfactorily,    although  certain  re- 
search along  these  lines  has  been   carried  on  in  Europe.   So 
at  this  period  of  insufficient    scientific  knowledge,    it   seems 
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"better  to  err  on  the  side  of  the  assumption  that  most  dominating 
characteristics  of  the  parent  tree  are  passed  along,  than  to 
come  to  grief  by  assuming  it  to  be  a  fact  that  certain  eccen- 
tricities of  growth  and  form  are  Acquired.  Resultantly,  the 
seed  collected  must  be  restricted  to  trees  of  development 
approaching  an  ideal  -  a  tree  of  rapid  growth  rate,  healthy 
aspect,  and  good  form.  Maximum  differences  of  site  are  highly 
undesirable.   The  restriction  of  cone  areas  to  those  in  close 
proximity  to  the  planting  grounds  eliminates  dangerous  differences 
in  site  factors.  Such  a  restriction  is  purely  relative,  and  to 
be  determined  by  a  personal  estimate  of  conditions. 

Cone  years  commonly  occur  every  other  year  as 
half  or  third  crops,  with  "full"  or  abnormal  season*  at  from 
four  to  six  year  intervals.  In  a  period  of  normal  fruiting, a 
tree  growing  in  the  open  of  over  forty  feet  in  height  and  a 
proper  crown  development  will  yield  upwards  of  two  bushels  of 
closed  cones. 

While  the  seed  yield  from  a  standard  amount  of 
cones  fluctuates  with  the  seasons,  due  to  insect  attacks  such 
as  Dioryctria  reniculella,  and  to  the  prevalence  of  aborted 
kernels  resultant  from  early  frosts,  incomplete  fertilization 
and  other  factors,  a  bushel  of  cones  will  extract  slightly 
better  than  a  pound  of  cleaned  seed.   Bue  to  the  uncertainty 
of  seed  years,  it  is  well  to  carry  at  least  three  years'  supply 
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of   seed  well   stored,    to  "be  used  in  case  of  a  contingency 
arising.      This  supply,    of  course,   would  be  coatinually  utilised 
an£  renewed,    thus  never  permitting  seed   to  accumulate  for  more 
than   three   seasons  as  it  depreciates  rapidly.      3?or  an  annual 
output  of  one  million  four-year-old  transplants,    a  collection 
of  ninety  to  a  hundred  bushels  of  cones  will  pro  ride   sufficient 
seed  for  one  year's  sowing  under  normal  conditions. 

On  approaching  maturity,    rapid  changes  take 

pl?.ce  in  the   cones.     The   seeds  ripen  from  a  creamy-v£iite   soft 
mass  into  a  grain  with  a  pure  white  oily  albumen  and  a  dark- 
coloured,   hardifcfa,    crisp  testa  in  a  period  under   two   weeks; 
and  at  the  same  time  the  cone  changes  from  a  light  green  to 
a  yellowish  brown.      The  opening  of  the   cones   is  practically 
co-incident  with    the   change   in  colour.      Therefore   the  period 
of  collection   ie  very  restricted,    unless  retarded  by  damp 
doudy  weather.      As  the  larger   seeds  and  those  of  greatest 
fertility  are  on  the  central   scales  of  the  cones,    and  con- 
sequently are  first  lost  when    the  scales  open,    it  is  well 
tc    commence  collection  while    the  seed  is  still   slightly 
under-mature. 

To  all  practical  purposes,    the    ideal  for   cone 
collection   is  a  young  tree,    under  fifty  years  of  age,    and 
branched  almost   to    the  ground,      ^uch  are   found   scattered  or 
clumped  throughout   tiie   ot.  Lawrence  flood  plain  as  volunteer 


growth,    on  pasture  lands,    along  fences,    and  frequently  in 
the  farmers'    coniferous  wood  reserves.      The  cones  are  hand- 
picked,    and  if  careful  supervision  is  maintained  the  work 
is  readily  adaptable  to    "jobbing",    at  a   set  price  per 
standard  measure.      The  practice  of  branching  wi  th  an  axe 
ia  very  destructive,    as  it  takes  upwards  of  seven  years 
for  a  tree  to  recover  sufficiently  to  warrant  picking 
again.     In  contract  collecting,    o«re  must  be   taken  to 
forbid  the  practice  of  following  loggers.      Cones  are 
often  picked  from  trees  cut  in  the   summer  for  pulpwood 
purposes.      Such  conee  are  frequently  very  much  under- 
mature,    but  have  an  appearance  almost   identical  with 
that  of  mature  cones,    except   that  on  close  examination 
the   seed  will  be  found   to  be  of  a  light  brown,    while  the 
grain  is  shrivelled  or  completely  hollow. 

Considerable  di scission  has  arisen  as 

to   the  age  or  as  to   a  more  definite  determination  of  the 
tree  height  at  which  cones  may  be  collected  without  a 
serious  falling-off  in  the  germination  percentage.     Ex- 
perimento  carried  on  have  proved   conclusively   that  any 
tree  of  vigourous  growth,    and  free  from  mechfcnical  in- 
jury,   may  be  picked  when  there  are  sufficient   onnes   to 
warrant   the   labour.      Thus  a   tree  bearing   cones  which  is 
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over  twenty  feet  in  height  can  be  picked  without  danger  of 
the   seed  being   seriously  aborted  or  below  the   standard  in 
any  respect.      In  fact,    the  reverse  is  often  true,    the  cones 
are  larger  and  the   seed  heavier  and  healthier  than  that 
collected  from  a  more  mature  tree. 

Unopened,    freshly-gathered  spruce  conea 
have  a  high  moisture  content,    and  heat  readily  if  stored 
either  loose  or  in  bags  in  quantity.     As  the   seed-coat  has 
not  yet  attained  its  final  imperviouonese,    and  consequently 
is  very   susceptible  if  subjected  to    a  warm  humid  condition, 
such  as   is    caused  by  heating,    a  preliminary   drying   is   im- 
perative immediately  following  collection.     The   cones  are 
spread  uniformly,    not  in  excess  of  t\vo    inches   in  depth, 
and  are  constantly  turned  over. 

Curing  may  be  carried  on  in  almost 

any   covered  building,   but  it  is  greatly  facilitated  if  the 
structure   selected  is  such  that  a  free  circulation  of  air 
may  be  maintained  throughout.      The  cones  a,re  laid  out  on 
racks  or  long  stretches  set  horizontally   in  tiers,    each 
layer  being  superimposed  almost  a  foot  above  the  lower  one 
with  alleys  left   between   the  tiers  to    permit  of  ready  access, 
In  case  of  unfavourable  weather,    1he   aidee  or  doors  may  be 
closed  down  and  thejhuaidity   regulated  by   ventilation. 
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Cones  can  be  opened  by  employing  any  one  of 
oeveral  methods,    as  for   example: 

(a).     By   sunlight       -        the   cones  being  spread  out  on 

ground  cloths. 

(b).      In  drying   shed-       using  no  artificial  heat,   but 

depending  entirely  on  air   circulation 
and  frost. 

(c).     Preliminary   curing  and  later  a  short  period  of  moderately 

high  temperature. 

In  Eastern  Canada  fall   sunshine,    accompanied  by 
showert  and  high  winds,    ae  it  frequently   is,    does  not  open  cones 
sufficiently,    and  th.ua  deducts  seriously  from  the   quantity  and 
probably  the  quality  of  the   seed  yield.     Gusty  weather  carries 
the  lightly- weighted  winged  seed  out  of  the  cone  and  off   ttie 
drying  area.     When  exposed  to  free  air  circulation  and  winter 
temperature,    the  objection   is   similar.      The   forces  brought 
into  play  are  not   sufficiently   severe  to  diverge   the   scales 
adequately,    with  the  result  that  mucjti  seed   is  retained  in  the 
cones.      If  the  cones  are  subjected  to   a  constant  temperature 
of  40° C  for  eight  hours   in   tha   tumbling  barrels,    after  a 
preliminary  drying  period  of  upwards  of   three  weeks,    the  seed 
extraction  is   complete,    and  vitality   is  not   imperilled. 

The  drums  are  enclosed  in  a  chamber,    the 

heating  of  which  is  regulated   by  a  controlled   influx  of  hot 
air,    and  a   series  of   small  ventilators,    usually  tilong   the 
ceiling,    insuring  a  constant  draft.      Columnar   structures  posed 


horizontally,    of  a  diameter  approximating  three  feet,    and 
mashed  with  one-quarter-inch  wire,    form   the   drums.      These  are 
arranged   in  rows,    and   turn  on  an  axis,    the   end  of  which  pro- 
trudes from  out  the  kiln,    and   some  bethod  of  rotation,    either 
by  hand  or  by  power  is  installed.     The  number  of  drums  depends 
on  the   seed  requirements,    each  having  a  capacity  of  from  three 
to    0ix  bushels,    governed   by   the  weight   of    ttie    cones.      These 
are   introduced  by  openings  either   in  the  face  or   side  of  the 
machine,    and  are   emptied  by   lifting   the    eane  covers,    the 
discarded  cones  being  discharged  down  the  seed-hopper.      Seed 
is  more  readily  damaged  by  high  temperature  if  the  air  is 
humid,    therefore   it   is  essential  to  maintain  a   complete  air 
circulation.      IXiring   the  drying  period,    the  drume  are  rotated 
every  hour,    thus  tumbling  the  seed  as   soon  as  it  is  released, 
and    insuring  uniform  heating.      Too-frequent  turnings   increase 
the   foreign  defcris  in  the   seed  by  gratinp  the   cone   scales. 

Undoubtedly   thoroughly   cleaned    seed  re- 
tains its  germination  power  better  than  does  untreated  seed, 
but  for  ordinary  general  purposes   it   is  quest! ona.ble  if  the 
expeno«   is  justifiable   once  a  definite  ratio  has  been    established 
to  make  allowance  for   foreign  matter   in  apportioning  the  quan- 
tities for    seeding.      The  wings  are  removed  by  sprinkling  and 
drying,    or  by  passing    the   seed   in  a  fine  wire   cylinder, 
inner  surface  of  which  is  rubbed  by  rotating  brushes. 


Damping  the   seed,    later  followed  by  a  brief  period  over  the 
inlet  pipe  of  the  extraction  chamber,    shrinks  the  wings.      !Fhe 
separation  is  much  more  thorough  than  by  the  former  method, 
which  breaks  loose   the   wing,    leaving  the   lower  portion  of 
the  base  still  firmly   cohering  to    the  seed.     After   the  wings 
are  loosened,    the  seed  is  passed  through  a  modified  fnnning- 
mill.     A  conveyor  carries  the  material  forward,    dropping  it 
before  a  rapidly  rotating  fan.      In   this  manner,    the  heaviest 
particles  -   the  seeds  -  are  deposited  near   toe  fan  while  the 
lighter  portions  are   carried   into  more  remote  chamber a.     As 
the  fertility  of  seed  varies  directly  with  the  weight,    that 
of  greatest  germination  power  is   in  the   first  pocket  with 
practicilly     no   debris.     The  foreign  matter  increases,   and  the 
proportional  amount  of    seed  decreases,    as  does  also   the  ger- 
mination percentage,    in  each   succeeding  pocket.      The  first 
pouch  will  test  over  seventy-five  percent  in  a  thirty-day 
laboratory  proof. 

Cleaned  or  uncleaned   seed  is  stored  after 

a  simil'-.r  manner,    in  hermetically   sealed   containers,-   a  capa- 
city of  forty  pounds  making  a  good  unit.      These  are   stored   in 
some   location  of  uniform   temperature  approximating  4°G.      The 
seed  must  be  absolutely  dry  when   sealed,   and  a  certain  air 
space   should   be   left   in   the  can   to   permit  of  such  respiration 
as  may  be   carried  on  through   the   epidermis. 
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The  Nursery  location  and  Site. 

The   selection  of  a  nursery   site  is  a 

factor  requiring   some  exercise  of  judgment,    as  the  initial 
investment   in  construction  is  final,    and  mistakes  are 
expensive  to  «ctify.     On  these  grounds,    the  mnny  varied 
influences  »ust  be  carefully  balanced,    in  order  that  the 
final   location  may  be  favourable. 

The  requirements  for  a   spruce  nursery 

may  veil  be   divided  under  tuo  main  headings  -  direct  agents 
of  site,   and  other  requirements  with  only  an  indirect  bearing. 
The  enumeration  of  the   Bite  qualities  of  direct  importance  is 
as  follows: 

I.  The  nursery  area  must  be  sufficiently 
je   to   grow  the  amount  of   stock  required  with  adeauate 

allowance  for  resting  areas,    a-id  thought  must  be  given  to 
future  policy   if  an  increased  production  is  anticipated. 

II.  The  land  must  be  as  nearly  level  as 
possible,    til -tii  a  decided   nlope  down  which  drainage  may  be 
directed  to   carry  off  flood  watfr  from  heavy  rnin  storms  and 
snow. 

III.  As  growth  in  the  nursery  due   to   lank  of 
any  ground  cover   is  always  in  advance  of   field  anrl   bussh  con- 
ditions,  marked   southern  and  eastern   elopes  are   to  *e  avoided. 
After   the  ground   is   thoroughly  thawed   in  the  field,    considerable 
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time  must  elapse   in  order  that  planting  may  be   carried  on 
before  growth  starts  in  the  nursery.      Therefore,    a  northern 
slope  sufficient  to   retard  growth   slightly  is  a  desirable 
feature   in  a  location.     Pro  sty  or   low  lands  are  dangerous, 
as  vinter  heaving  and  early  and  late  frosts  are  two   evils 
that  are  prevalent   in  our   climate. 

IV.  A  soil  of  a  loaay  nature  fine  enough 

to  retain  moisture  and  yet  not  be  wind-carried  is  necessary. 
Clayey  soils  arc  difficult  to  work,    cold,    and   excessively 
heavy.     The  post-glacial  marine  deposits  along  the   Gt. 
Lawrence  and  other   lake  and  river  valleys  are  especially 
suited  to  nureery  requirements. 

V.  A  dependable  water  supply  nearby  to 
furnish  a  natural  reservoir  ia  required.     As  water  nust  be 
delivered  throughout  the  nursery  with  tap  pressure,    the 
tank  is  placed  on  a  natural  or  artificial  eminence  of  at 
least  forty  feet  in  height. 

VI.  If  the  nursery  is  not  partially 
sheltered  in  periods  of  drought,    the  mortality   is   seriously 
increased  by  wind.      In  the   spring,    especially   in  the  newly- 
transplanted  treee  and   in  the   seed-bede,    this  is  dangerous, 
as  the  young  growth  is  very  tender.      If  natural  wind-breaks 
are  not  available,    artificial   shelters  of  rapidly-growing 
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species   should  be  planted  at  once.     Protection  by  ridges 

decreases  the  wind  damage,   but  frequently  increases  frosting 

by  creating  a  low  pocket. 

VII.  Tha  relative  location  of  planting  areas 

tc    the  iiurcery   IB  important  as  latitude  or  altitude  differences 

incliiie  to  accentuate  the   lateness  or  the  commencement  of  tie 

grov.iug  season  in  the   bush. 

Indirect  factors  are  essentially  problem* 
of  labour  and   transportation.      An  abundance  of  labour   is 
required  for  about  five  months,    with  a  slack  period  for  the 
remainder  of  the  year.     Bush  labour  is  the  most   satisfactory, 
tal.  ctors  into   account,   as  in  the  spring  and  eiwner 

men  ?ncl  boys  are  available  at  reasonable  rates. 

The  hauling  oo  at  of  organic  fertilizer 

is  a  large   item,    as  this  neoesbnrily,    with  few  possible   e;;- 
oepti  one,    comes  by  rail  and    the   distance  of   the  nurpery   from 
the  point  of  discharge   increases  very  materially  an   item  that 
us  ttiready  too  high.     Trees  may  or  may  not  be   shipped;   never- 
the  less,    other  commodities  a^e   continually  arriving  and  leaving, 
so    that  an   ideal  sltuatioh  is  one  where  a  siding  actually  enters 
the  nursery  or  is  very   close. 

Nurcerj'   Compartment ing. 

The  subdivision  of   the  nursery    into    com- 
partments  is  dependent  on   the   class  of  plant  grown.      White   Spruce 


adapts  itself  best  under  average  conditions  to  a   "two   and  two" 
rotation, (two  years  in  seed-beds  and  two  years  in  nursery  lines) 
However,    such  an  age  classification  need  not  necessarily  be 
adhoro^  to,    as  either   two-year-old    seedlings,    three-year-old 
seedlings,    or   "tvjo   and  one"   stock  may  be  planted  with  varying 
success. 

The   two-year-old  seedling  is  satisfactory 

under  limited  conditions.      It  is   cheap  and  easy  to  plant,   but 
is  practically  restricted  fcr   successful  use  to    cleared  cul- 
tivated land.      Three-year-old   seedlings  may  be  planted,    but 
irith  indifferent    success  due  to    a  surprising  lack  of  root 
development .     The    "two   and  one "-year-old  tree    is  frequently 
planted,    but  as  the  difference   in   coot  between   it  and  a   "two 
and  two"   is   siaall,    there   seems  little  justification  for    its  use. 
Thus  in  general  for  planting  purposes  the  .fcvvo.  ages  only  are  at 
all   suited,    -    that   is,    the   tvt> -year- old   seedling  and  the   "two 
and   t/o"   transplant.      The  latter   is   suited  to    practically  all 
planting  conditions.      Ita  root  system  isideal   and  tb^  tree   it- 
self is  large  enough  to  withstand  reasonable   competition  from 
hardwood:  . 

On  thase  grounds,    the  nursery   is  subdivided 
largely  into    transplant  areas.      The  first  acreage,    however,    for 
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selection  is  the   seed-bed  compartments.      Such  land  must  be  a 
fine  rich  sandy  loam  exceedingly  well   aheltered  either  by 
natural  or  artificial  v/iml-broakB.      The  water  supply  should  be 
placed  rrith  reference  to  the  seed-beds  in  such  a  manner  that 
a  maicimULi  pressure  may  be  obtained  at  all  times.     The  beat 
soil  :>.ni  aituation  should  then  be  laid  out  as  a  permanent 
bed  area. 

The  cor.par "taients  trill  rotate  naturally 

around   three   sub-divisions,    -  one-year-old  seedlingr,    tiro- 
year-old  seedlings  and  resting,    -   the  basis  being  that  an 
acre  in  beds    ;ill  grow  bet\7een  four  and  five  million   seedlings, 
oroadcast-sown.      As    saedlinga  are    delicite   and  very   sensitive 
to   early  and  lat»  frosts,    and  to  heaving  from  excessive   soil 
moieturc  freezing,    the  area  must  be  high  and  veil-drained  even 
at  the   expense  of  additional  exporure  which  oan  be  rectified 
artifici   lly  "by  planting.     If  a  uniform   slope  IB  obtained  by 
grading  to  permit  the   rapid  departure  of  flood  water,    although 
care  must  be  taken  not    to    surface  underlying  coarse  or    inferior 
textured  coil,    the  value  of  the   site   ie  greatly  enhanced.      It 
ie   immaterial  if  the   seed-bed  areas   should  be   slightly  remote 
from  the    transplant  grounds,    as  transportation   corte  of    seed- 
lings ar  out  n  '.".]. °. 

Transplant  areas,    like   seed-bed  sections, 
return  to   resting  for   a  year  after  being   cropped.      Therefore, 


v  * 

- 

the  total  acreage  saust  be  three  tines  the  requirements  for 
one  yeo.r,  or,  including  road  allowance,  eighteen  acres  per 
million  trees  delivered  to  t-e  plantations. 

Grading  of  transplant  beds  is  a  matter 
t  varies  under  different  climatic  and  miniature   £opo- 
graphlo   conditions.      If  the   region  is  northerly  and   sub- 
jected to  heavy   snowfall  with  a  rapid  run-off,    or  liable 
to  violent  swoaer  storms,    a  uniform   slope   in  the  lines 
prevents  excessive  washing  and  allow*  &  freer  escape  of 
water.      In  the  spring  as  the  snow   is  leaving,    the  upper 

or   three  inches  of  eoil   form  a  paste  which  freezes 
again  with  disastrous  results,    as  the  tree  roots  are   still 
firmly  imbedded  in  the  lower  frozen  layers.     Grading,    then, 
is  -•»  decided  preventative  of   this,    ae   surplus  water   escapee 
much  more  rapidly.      If  the  surface  irregularities  are  levelled, 
it  accelerates  the  speed  of   transplanting,    and  later   saves   in 
the  cultivation  costs. 

An  area  of  three  acres  or  about  half  a 

million   trees  makes  a  good  conp-xrtr^nt    u.iit.      A  main  road 
should  either  bisect  or  bound   t  e   area  on  one   side,    while 
at  right  angles  a  generous  path  aids  in  the  removal   of 
herbaceous  accxwulations  and   increases  the  accessibility. 

These   compartments  may  or  may  not  be 

separated  by  wind-breaks  as   the   situation  demands.      A  panora- 
mic view  of   the  nursery   should  give  an   impression  of   a  large 
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squared   chequer-board,    vrith  the  buildings  centrally   located. 
Each  block  ie  more  or  less  definitely   defined  by  the  tree- 
breaks  tit  right  angles  to    the  prevailing  Winds. 

fertilizers  and  filing  Crop. 

The  preliminary  preparation  or  inter- 
crop resting   season  of  seed-beds  and  nursery  linec  ie 
similar.      If  possible,    the  land  should  be  broken   in  July  two 
years  before,    harrowed,    and  sown  to    a  soiling  crop  or   left 
fallow.     Early  the  following  spring,    a  uniform  coating  of 
well-rotted  Manure,   between  twelve  and  fifteen  tons   to    the 
acre,    is  ploughed  under.     However,    if  the   land  isjaew  or 
rich,    thie  aiaount  must  be  reduced  accordingly,      i'or   seed- 
bed aroas  it  is  absolutely  necessiry  that  the  fertilizer 
be  well-rotted,    as  otherwise  the  weed  crop  is  very  diffi- 
cult to  eradicate.     The  cmantity   should  be  greater  than 
iu    U:o   oase  of  transplant   compartment e,    but  not   exceeding 
twenty  tons. 

The   selection  of  a   soiling   crop   is 

largely  dependent  on  locr,l  conditions,    especially  as  many 
of  the   Leguminooae  are   eaaily  frosted.      Ahy  pi. ant  used,  must 
be  heavily   foliagcd  to   choice  out  weeds,    and  to   produce  au 
abundance  of  organic  matter  when  turned  under   in   the  early 
fall.      If  the  grain  lies  dormant  for  a  year,    or  ploughing 
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is  not  done  before  its  seed  matures,  volunteer  growth  will 
prove  troublesome  amongst  the  young  trees  of  the  next  year. 
Any  of  the  legunes,  rye,  or  budcwheat,  may  be  used,  but  due 
to  the  rapid  growth  and  heavy  foliage  of  buckwheat  when  sown 
about  two  bushels  to  the  aore  after  fertilizing,  it  is  pro- 
bably the  laost  satisfactory,  especially  if  rolled  before 
being  plougned.  A  deficiency  in  nitrogen,  however,  must 
be  supplied  through  other  agents. 


See-.!  ":oc!:-   imi    t-'oert  lings. 

Seed-beds  should  run  east  and  west  in 

order  that   the  shadows  thrown  by  the  screening  progress  run 
equally  elong  the  bed  \7Sthout  unduly  exposing  any  portion. 
It   is  well   if  the  drainage   ie  in  the  same  direction,    but  this 
ic  r.ot,   however,    an  absolute  cequisite  aa  by  the   construction 
of  adequate  ditches  at  right  angles  to   the  ends  of  t7ie  beds 
flooding   cr.ui  be  prevented. 

Beds,    broadcast-  sown,    are  usually  about 

four  feet   in  width  to   allow  of  weeding;    in  drill   eowinp;  if 
the    interval  between   the   rows   is  sufficiently   large  there   is 
no   restriction  an   to    size.     The  length  of  the  beds  is  imma- 
terial  unless   special  framing   is  necessary    to    protect  against 
birds.      If   the   elope   direction  permits,    one  hundred  feet   is 
a  good  unit;   however,    when   the  beds   are  at  right  angles   to 
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the  grade  this  length  must  of  necessity  be  reduced  to  permit 
more  perfect  drainage. 

The  bods  are  abutted  against   the   side 

of  the  compartment,    arid  lined   in  by   staking,     Pathe  eighteen 
inches  or  two  feet  in  width  separate  each,    the   soil  removed 
being  thrown  on  the  beds   to    crest   them.      This   curvature  in- 
creases the  soil  evaporation,    but  decreases  the  action  of  other 
damaging  agents  such  as  heaving.     If  the  area  ic  v/ell-ciitchad 
and  the  grade  upward  of  two   per  cent,    in  ordinary  porous  soil, 
the  maximum  convexing  need  not  er.ceed   three   inches  aboue    the 
path  level. 

After  a   thorough  raking,    the  c'r?  tired 

contour  having  been  obtained,    the   soil  is  packed  by  rolling  with 
a  concaved  roller  the   same  width  as  the   bed.      V/hen  an  ordinary 
garden  tool   is  used,    only  one  half  of   the  bed  surface   in  rolled 
at  a   time,    time  maintaining  the    curve.      Deeding,    v/hich  follows, 
rc-.y  be  either  broadcast  or  drill.      In  spruce  beds,   however, 
due  to   the   delicate  nature  of  tiie  individual   seedlings,    the  loss 
is  likely  to  b«  heavy  if  the   seed  is  drilled;   however,    in 
broadcasting  the   seedlings  are  mutually  supported.     Danping-off 
does  not  patch  as  it  does  in  pine,    but  kills  singly  or  in  small 
clumps;    thus  it  is  not  necessary  to   isolate  by  rows  to   prevent 
fungal  dieeassa  from   spreading.     As  the   lateral  development  of 
spruce   is  much  lese   than  that  of  pine   due   to    the   shortness   of 
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the  needles,    an  equally  well-developed  plant  may  be  pi-educed 
in  <*  broadcast- sown  bed..    Labour  and  material   ousts  are  in- 
creased due   to   the  additional  area  reauired,    thus  it  vtowld 
sesii  that  unless  especially  large  well-developed  necdlings 
are  required,    that  broadcasting  is  better  suited  to   ordinary 
purposes. 

Seed  is  either  spring  or  fall  eovra. 

Here  again  there  is  a  marked  preference  in  our  latitudes. 
Seed    scvm   in  Oetober,    and   given  the   sane   treatment,    germinates 
more  evenly  and  earlier  than  does  spring   sowing.     Also,    the 
season?!   division  of  hie  duties  aids   the  forester,    who   can 
give   the    seeding  more  attention  in  the  fall  as    the  pressure 
of  work  ic  not  as  great  as   in  --iay.      The  early  germination 
Icngthene    the  growing   season,    said   allows  the  cotyledons   to 
lose   their  seed  eapa  before   the  return  of   the  sparrows,    finches 

A  other  migratory   seed-eaters,    all  sworn  enemies  of  the 
forest  nursery.      As   the   soil  is  not  disturbed,    the  moisture 
froTa  snow  and  early   spring  raine   is  retained   in   the   ground 
much  tetter  th  -\n   in  the  case  of   spring  sowing,    thus  decreasing 
the  watering  charges. 

Before  sowing,   beds  are  thoroughly 

danped  with  a  Tiinimufn  penetration  of  five  inches.      The   seed 
ia   then  hand-broadcasted   in   the  ratio   of   three-ouarters  of  a 
pound  of  cleaned   seed   to   one  hundred   square   feet.      Such  a 
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quantity  is  not  inflexible,    and   should  be  regulated  by   the 
germination  power  and  age  of  the    seed.      Sub-surface   soil  is 
•if ted  over  the  beds  in  sufficient  quantity   to    conceal  the 
grains  completely,    a.r;d  the  whole  bed  re-rolled.      In  order 
that  an  even  distribution  may  b«  hnd,    it   ia  better  to   BOW 
in  the  early  morning  or   the  evening,    as  a  Blight  breeze 
will  roll  the  seed  into   the  paths  tc    quite  an  appreciable 
extent . 

Prior  tc   gemination,    covering 

may  be  done  with  many  different  materials  such  as  straw, 
leaves,    canvas  and  others.      Theue  all  have   serious  faults, 
however,-   the  litter  of   straw  or   leaves   is  inclined   to 
induce  various  fungal  diseases,   more   especially  early 
spring  molds  or   snow  fungi,    and  later  damplng-off .      Canvas 
or  burlap  permits  of  an  extreme  surface  evaporation,    but 
lifts  off    olean,    and   dees  not  mold  to   any  extent.      Spap.msa 
moss  collected   in  peat  bogs  which  are  found   scattered  at 
random  has  many  fine  qualities.      The  moss  allowo  the  pone- 
trntion  of  surface  -water,    and  rotaino  the  frost  in  the 
sprint,    thus  preventing   the    too    early  germination  of   the 
seed.      Such  a  covering   ia  to  a   certain   extent   sterile   if 
freah  and  isulchea   so    that  little   soil  moisture   eacupes. 
A  continuously  uniform   coat  about  fin    inch  thiclc   is  covered 
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again  by  the  lath  screens  which  protect   the  beds  from 
oeing  wind-whipped. 

If   the  seed  is  spring- sown,    about 

eighteen  days  after   seeding  the  moss  should  "be  lifted   in 
soots    to   observe  how  germination  ie  progressing.      In   cusa 
o~"  fall  sowing,    such  a  scrutini gabion   should   take  place 
shortly  after  growth  starts,      when  the    testa  splits  and 
the  plumule  begins  to  protrude,    th*»  lath   screens  should 
be  erected.      This  lathing  gives  half  shade,    and  is  con- 
structed after   the  fashion  of  the  old  picket  fencer,    the 
individual  members  Joined   ty   three  wire   strands,    the 
interval  between  units  being  equal  to   one  lath  width.    . 
flnall  rails  are   oet  up  on  pickets  T&ordering   the   edge  of 
tiie  tod  in   such  a  manner   that    the   scroens  may  be  rolled 
out  at  will.      The   cover   is  removed  "by  hand  as   soon  as 
the   seedlings  have   taken  root  and   begin   to    raise   the  moss. 
Care  must   be  exero.iae^  not   to   leave   the  covering     co   long, 
as   ths  young  plants  may  be  broken   in   itti  ronoval,    if   tlio   seed 
eap  penetrates    the  moee.     After   the  removal  of   the  germination 
blanket,    the   ecroane   should  be  rolled   ovi.r   the    beds  at   once. 

In  the  early  summer,    periods  of  heat 

are  often  broken  by  heavy  thunder   f- terras  and  wind.      The 
dashing  of  the   rain    on  the  beds  during  the   first  month 
after  germination  exacts  a  heavy   toll  unong  the  young 
Medllngs  unless  they  are  protected.     Heavy  canvas  rolls 
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that  run  out  over  the   screens  and  fasten  down  by  wires  or 
•one  other  means  break  the   force  of    the  wind  and  rain.      They 
nay  also   "be  used  to    protect  against  sun  scaling  in  case  of 
extrei-ie  heat. 

'Ifce  watering  can  b«  done  ei  ther  by 

overhead   sprinkling  or  by  garden  ho  ae.     Pipe  lines  are  laid 
so  tliat  the  whole  area  io  reached  with  good  pressure  as  the 
spray  must  be  very  fine,    aud  used   only  during  periode  of 
slight   sunshine  or  at  night u.      A«  dampinp-off  and  other 
fungal  and  bacterial  conditLoiiB  increase  rapidly   in  a  warm 
humid  condition,    watering  should  be  done  only  moderately. 
T>urinr,   light   rain,    or   cloudy  weatliet  the   screens  are  better 
rolled  back,    ezpoeing  the  trees. 

In  the  swaraer  the  beds  are  kept  moist, 

the   trees  belm    gradually   strengthened  by  rolling   the    screens 
"hack   for   longer  periods  each   day.      About   the  middle   of  August, 
screens  are  lifted  completely,    and  at   the   same   time  the  water- 
ing  in  gradually  decreased  even  in  time  of  drought   to   assure 
that   the   treee  become  hardy,    and   form  bude  before  the  first 
cold  weather. 

As  a  protection  againet  heavinjr,    the 

trees   should  be  lightly  covered  with  moss.     In  the   spring,    the 
front.   Is  held   late  n.nd   the   damage   caused  by  alternate  thawing 
freezing   is  diminished  appreciably.      Serious  losses  may 
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arise  from  enow  fungi,    due  to   the  retention  of  an  ice-coating 
over  the  beds,    causing  a  chamber  to   form  roofed  by  the   ice 
and  grounded  by  the   seed-bed.     Little  ia  kno-wn  about   the 
classification    -nd  control  of  such  fungi,   but   certainly  if 
the  large  snovr  acciaaulations  are  broken  by  shovelling  or  by 
sprinkling  black   soil  on  the   anow  surface,    the  n  el  tin/?  is 
hastened,    and  the   1'cliage  allowed   to    dry  up  before  any   nerious 
damage  is  accomplished. 

During  the    second   summer  the   cnre   is 

limited,    the  beds  are  watered  in  tirr.c  of  drought,    and  kept  free 
of  wsed.r.     Lifting  the  following  spring  for  transplant  ing  ie 
done  vith  a  wide-tootlied   fork,    fc'ir- pronged.      A  forkful  la 
seized,    split,    anc!  the   clinging  dirt  removed  by  knocking   the 
two  handfuls  together.     The   trees  are  either  packed   in  boxes 
vith  damp  inoEc  or  transported  in  pail  a  one-quarter  full  of  water 
to    the  transplant  compartment e. 

Trajisplaatlnfc;  and  Transplants. 

Transplanting  increases   the   crovm  and 

root  rtevelop.'ient  of  the  plants   .      If  they  were  to    continue  in 
the  need-beds,    even  if  in  rows,    tvc  root  lengthens  extremely 
with  three  or  four  main  "branches  and   a  very  Plight  growth  of 
rootlets.      The   crown.   is[aorc  or  lees   spirctly,   without  the  marked 
Imtaral    aJioots  of    Ch.a   transpl:v".t.      In   lifting  seedlings,    the 
roots  are  broken  to    soiae  extent,    and  thus,   when  transplanted, 
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develop  laterally  in   the   trench  wi  th  mr*t\y  sldoor  divi  eions, 
resulting   in  a  r>lant  Which  has  a.  much  larger  and  more  compact 
root   system. 

Long  lines  are   i;et  out  running  eaat 

and  west,    each  plant  being  two   or   three   inches  from  ite  neigh- 
oour  aad  the  rows   separated  by   eight  or   ten   inches.      All  nur- 
sery transplanting  must  be  done  in  the   spring,   before   the 
season's  growth  consnencer!,  as  otherwise  unless  the   soil  con- 
tinues very  moist  or  the    compartments  are  watered  artificially 

trans/ 
the  mortality  is  high,     i'a  11 /planting  ie  very  expensive  and 

unsatisfactory  as,    unless  heavily  mulched,    the   frosts  re-open 
I  planting  trench  and   throw  the   trees   completely  out  of  the 
ground. 

Transplanting  may  be   done  by  ru".ny 

different  methods,   but  gang  planting  with  the  Yale  board   is 
roost  generally  used.      If  the  warJc  Is  \vell   supervised,    the 
coct   is  not   excessive  and  the  mortality  ia   low.      The   trenching 
is  usually  done  by  a  gang  of  threa   epade  men  who   use   a  plaalc 
slightly  narrower  than  the  inter-row  spacing  to  keep  true. 
Bach  gang  is  supported  by  four  transplant  cabins.     These  are 
canvas  structures  set  up  to    shelter  the  roots  of   the   trees 
from  the  sun  and  wind,    and  may  be  moved  at  will.      A  shelf 
projects  ?,3roes  the  cabin  from  side  to    side  about   three  feet 
fro:a  the  ^rojuid  on  which  is  rested  the  ''machine'1  when   it   ia 
being  threaded;   while  a  crew  of  throe,    two    threadars  and  a 
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carrier,  accompany  each  cabin. 

The  "board  consists  of  t-ao    six-foot 

strips  about  five   inches  wide   and   half  an   inch  thick,    usually 
of  pine.  rer  edge  of  the  und«rpieee  is  faoed  with 

strips  eqiial  to    the  tree   interval  in  length,  separated  "by  a 
square  notch  of  about   three- ei£h  the  of  an   inch  in  width..      Two 
handles  aro  fastened  on  each   board,    and  hinged  in   such  a 
manner  that  the  upper  board  fits  down  on  the   lower  piece  Just 
above    I          c  tehee,    thus  grasping  the  twr    firmly.      The  trees 
are   threaded  in  the  cabins  and   the   "board  carried  to    the   trench, 
where  it  ia  placod  resting  on  the   inner  edge  in   such  ti  Manner 
that   tho  roots  h-^g  down  against   the   enu.ai*e   out   f^ofe  of   the 
dit  The   <*artli   ie  filled  by   two    rackere  and   soundly  p:,cked 

by   a  third  mr-n.      A  fourl  i1?er  of    the  racking  crew  follows 

behind  the  gsmg  filling  fail  plac~~   -"id   tr^unping  t])e   tree  lines 
tc    insure  each  tree  "-eiaj;   soun^i-    T?l--.nted. 

The  oo.re   the   folloiTlnp   two    oumraers  is 

similar.      The   compartments  ars  kept  free  of  weeds  and   cultivated, 
as  n.  dry   soil   surface  uulcli  greatly    %t*«  i ^   t;,e   retention  of 
uoisture.      Before  t'   o  fleeae-up  in   the  full,    it  IE  again  v/ell  to 
cultivate   ,    as  the   upper   layers  are    loosened  a-vi  mulci'.  reduces 
the  .(-,e  from  heaving.      This  nulchinj;   c;-.n   oe   do  no  vi  th  a  hoe, 

or  moro   economically  vd  tli   one  of  the  ^id-puahed   cultivators 

in   the  agricultural  ira.pla.ie/ro  ni  rket.      Looal   diff icultloa   such 


as  cut-worms,    grasshoppers,    and  other  troubles,   must  "be 
dealt  with  as  they  occur. 

Often  nursery   sites  are  acid  and 

the    transplants  ae  a  result  are  yellowish.      Such  a  condition 
cn.n  be  rectified  by  the  addition  of   slacked  Iirv3   o  "ared 

marble  with  the   organic  f  ertili  sex*,    "but  not   in  excesp  of 
ono   thousand   pounds   to    the   acre   in  any  one  appl?.  n, 

'Hie  lifting  rand    nhipment   to  t 

pl?rijcationa  is  really  a  plantation  charge,    as   tbo    tree 
costs  arc   calculr.tsd  usually  "before  leaving   the   eomrr'Sft-Tnents 
r&inn  ruust  be  done   thoroughly,    and  di Bearded  mosr   from   the 
seed-beds  makes  rm  econor?' .c •  ~L   litter.      T>'orJc-men  loosen  the 
trees,    while   lifters  follow  behind;    care  bein^   taken  to 
drive   the  forks  deep   enough    to  releasr  n.ll  the   roots. 

~-n  general  the   BUCCOCD  or  failure 
of  a  nursery   is  dependont   on   the  personal   eler-ent  to   nvite 

r.   extent.      'tfr.e  rules  z-.ve   simple,    and  ths   nolutionn  of 
problems  t}uit  arise   can  usually  be  arrived  at  by  a  careful 
suj.ii!iury  of   the  data.      That   in,    the  difficulties  arc  nut  as 
a  rule  fro:i  deep  underlying-   cauees,    but  can  be  overcome  by 
a  close   study  of  primary   conditions,    and  the    showing  of 
some   initiative  by  the   nursery  forester. 
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